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Abstract 
 As a recently established Madagascar National Park, little is known about the 
diversity and ecological monitoring needs of the protected marine area, Lokobe. 
Although this area is assumed to be an important nursery reef used as a breeding ground 
to naturally replenish fish stocks in surrounding reefs, there has been a notable lack of 
scientific marine exploration. The present study strives to present a comprehensive 
understanding of characteristics associated with a reef experiencing limited fishing 
pressure. Data were collected from five locations within the protected marine area. Using 
the underwater visual consensus survey technique, 30 species of reef fish and ten coral 
families were observed across five transects. Fish species were categorized into six 
trophic groups as corallivores, algae-feeders, planktivores, omnivores, invertebrate-
feeders, and piscivores. Levels of live coral cover, and fish species diversity (calculated 
via the Shannon-Wiener Diversity Index) were relatively high and comparable to those of 
other productive tropical reef systems. These data will be used by Madagascar National 
Parks to aid in identifying environmental monitoring needs and can serve to provide 
baseline statistics of the benthic composition (material on seafloor) and diurnally active 
(lively during daylight hours), non-cryptic reef associated fish communities of the reef 
surrounding Lokobe National Park. 
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Introduction  
 Madagascar is globally renowned for its remarkable biodiversity and 
extraordinary rate of endemism. Boasting the world’s fourth largest coral reef, 
Madagascar hosts more coral formations than any other country in the Western Indian 
Ocean (Clark et al. 2012). As a developing nation with a growing population dependent 
on utilization of its country’s natural resources, Madagascar is in dire need of drastic 
conservation efforts. The international community has consequently deemed the country 
a top conservation priority (Madagascar National Parks 2012). In an effort to appease 
growing international pressure, the number of Madagascar National Parks has 
dramatically increased (Clark et al. 2012). Past conservation efforts have focused 
primarily on vulnerable terrestrial environments, leaving equally important coral reefs, 
mangroves, and sea grass beds relatively overlooked (Cooke et al. 2000, Nadon et al. 
2007). The present study aimed to provide a detailed baseline description of the current 
state of the coral reef in Lokobe National Park by examining coral and fish presence and 
by creating a comprehensive understanding of the park’s current management protocols. 
Additionally, data from this study can contribute to a larger database of empirical data for 
future Malagasy marine studies.  
 
Principal Research Questions  
Specific research questions investigated in this study:  
1. What are the compositional characteristics of a tropical coral reef system with 
limited fishing pressure with respect to benthic composition and fish population 
dynamics? 
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2. What are the park’s current regulations and management techniques and how 
could these be improved? 
3. How does this reef’s biodiversity compare to other productive tropical reefs?   
 
Relevance of study  
Broad Ecological Implications 
 Monitoring and conservation of coral reefs is imperative for innumerable reasons. 
While coral reefs encompass less than 0.2% of the world’s oceans, they contain an 
astonishing 25% of all known marine fish species (Gómez 2004). Global coral reef 
systems are estimated to contribute $375 billion dollars of goods and ecological services 
annually (Gómez 2004). For example, coral reefs protect vulnerable coastlines from 
erosion and floods, indicate climate change, support millions of fishermen, and stimulate 
economies with nature-based tourism. Since the majority of reefs are located in 
developing nations, they are not only a key basis of employment, but also serve as a 
primary source of sustenance for coastal inhabitants. Coral reefs also contain species with 
important potential biomedical applications; one coral family found in abundance in the 
present study, Porites, has been successfully used as bone replacement material in human 
orthopedic surgery (Gómez 2004).  
 
Local Context  
 Lokobe National Park is located on a small island to the Northwest of mainland 
Madagascar, known as Nosy Be. As Madagascar’s premier tourism hotspot, both North 
and West coasts of the island are dominated by beachfront luxury hotels and restaurants 
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heavily populated by European tourists. The amount of wealth on Nosy Be is 
incomparable to any other part of the country, making it an ideal location for ecotourism 
attractions like national parks for tourists ready to pay premium prices. Nosy Be is also 
an acclaimed snorkeling and SCUBA destination with over 15 diving operations. Despite 
a high level of commercial diving throughout the years, there is a notable lack of 
scientific marine exploration in the area (Clark et al 2012). In addition to tourism, Nosy 
Be is also a popular hub for both local and international fishing expeditions. There is thus 
a need to monitor the influence of tourism and fishing on the reefs and to construct plans 
to mitigate any associated negative impacts. The present report will identify the 
feasibility of establishing an operative monitoring system across the marine area and will 
be provided to Madagascar’s National Center for Oceanic Research and the National 
Parks Organization (MNP). Additionally, the exploratory data provided here can serve as 
a basis for future research in the area.   
 
Methodology 
Site Description  
 Nosy Be, is a 20-by-25 kilometer island to the North West of mainland 
Madagascar. Lokobe National Park, an area containing the last vestige of the coastal 
rainforest that once dominated the island, is located in the southeastern section of Nosy 
Be. Lokobe only recently became an official Madagascar National Park in 2011. The 
park hosts endangered lemur and palm species and boasts verdant vegetation extending to 
the rocky or white sand coasts.  
Coral reefs are typically classified into three categories, atoll, barrier, and fringing 
reef based on their orientation to the coastline. A barrier reef is separated from the 
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coastline by a deep channel while an atoll reef is in a circular formation around a shallow 
oceanic shelf. The coral reef surrounding Lokobe is classified as fringing because the reef 
extends up to the coastline. The protected marine area of Lokobe covers roughly half a 
kilometer of coastline, oriented in the Northwest to Southeast direction, and extends 100 
meters from the seashore (Clark et al. 2012) (Fig. 1). This area is an important nursery 
reef used as a breeding ground to naturally replenish fish stocks in surrounding reefs 
(Clark et al 2012). While park rules mandate that fishing be prohibited within 250 meters 
of the marine-protected area, enforcement of this regulation does not presently take place. 
Tourists are welcomed into the terrestrial area of the park with a local guide for a small 
fee, but tourism in the marine-protected area overall is still nascent.  
 
National Center for Oceanic Research 
 Directly across from the Lokobe reserve are the headquarters for the Centre 
National de Recherches Océanographiques (CNRO), a government research institution 
based in Nosy Be, responsible for the majority of marine research in Madagascar. The 
three main focal points of the institution’s research include marine biodiversity 
inventories, stock assessments of exploited and under-exploited marine resources, and the 
monitoring of the states of marine and coastal ecosystems (Maharavo 2011). The CNRO 
began assessing Madagascar coral reefs in 1998 and has four sites regularly monitored in 
the Nosy Be area with Lokobe not being one of them (Maharavo 2011). The present 
study was conducted with the aid of CNRO personnel and resources. 
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Transect Designations  
 An initial visual survey of Lokobe reef included evaluation by patrolling the area 
of the reef in the CNRO’s motorboat for approximately two hours and selection of five 
points along the reef as transect areas. Transect locations were not selected randomly 
because not all of the protected marine area hosts coral reef. Only sites with adequate 
coral cover that were relatively equidistant from surrounding sites and the shoreline were 
selected. The five selected points follow the coast surrounding Lokobe Park (Fig. 2). At 
each site, Global Positioning System coordinates, time, and weather conditions (including 
cloud cover, wind strength, and sea state) were documented. The level of other activity 
within the protected marine area also was recorded, especially presence of local 
fishermen.  
 Methodologies were largely adapted from Nadon and colleagues (2007) (Fig. 3). 
Belt transects were established by fixing a measuring tape on a piece of coral and 
measuring 20 m in the direction with the greatest coral cover. To compensate for 
disturbance, a period of five minutes was allowed between establishment of each transect 
and data collection. Actual collection time for each site varied dependent on the density 
of species present. CNRO personnel aided in species identification. All notes were taken 
on underwater writing tablets and later transcribed into Excel worksheets. 
 
Benthic composition  
Benthic material consists of the flora and fauna found on the bottom of a body of 
water. Inventory of corals present in each transect included only corals that fell on the 
transect line (Fig. 4). The presence of sand, dead coral, and debris also was included in 
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the survey. Dead corals are structures that are still standing, while coral debris consists of 
broken remnants of coral structures (Fig. 5). Identity and position of each item was 
recorded to describe the dynamics of each transect. Specimens that could not 
immediately be identified on site were described, and resources at the CNRO laboratory 
were later used for affirmative identification. Species-level identification was attained 
whenever possible, and family level was the minimal taxonomic level recorded for both 
coral and fish. Graphs of benthic composition were made in Excel and R, and the 
percentages of each cover type calculated.   
 
Fish population  
Fish data included numbers of each diurnal, non-cryptic species observed and 
average body length for each species. New species were listed and a subsequent tally was 
kept while moving along transects to assess the abundance of each species. Body length 
was visually estimated and agreed upon by a consensus from all individuals conducting 
the survey. Only specimens up to 5 meters above and 2.5 meters away from transects on 
each side were recorded, therefore transects were 5m x 5m x 20m. Species observed were 
then categorized into five groups that highlighted niche preferences: corallivores, algae-
feeders, planktivores, omnivores, invertebrate-feeders, and invertebrate-
feeders/piscivores. Trophic group assignment was based off of data found in the online 
database “Fishbase” (Froese and Pauly 2013). The Shannon-Weiner diversity index was 
calculated with the equation: H’ = - ∑ piln(pi), where H’ is the Shannon-Weiner Diversity 
Index, and pi is the relative abundance of each fish species. Values for H’ range from one 
to four indicating low to high levels of diversity. This is a useful measurement because it 
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represents not only how rich in species an area is but also how even the number of 
species are within the area.  These values were then expressed in graphs created in Excel 
and R. 
 
Comparative Analysis 
 Data from this study were compared to four other studies of tropical, productive 
reef systems: the Great Barrier Reef of Australia, the fringing reef of Golfo Dulce in 
Costa Rica, the central Belize barrier reef, and the fringing reefs in the Seychelles 
(Williams and Hatcher 1983, Cortés 1990, Gómez 2004, Jennings et al. 1985). 
Comparative data were averaged from charts found in each of these reports. Percent coral 
cover (inclusive to all coral material), percent of living coral (as opposed to dead or 
diseased coral and debris), and percent of sand cover was compared to data from Costa 
Rica, Belize, and the Seychelles. The Shannon-Weiner Diversity Index for fish 
communities was compared to data from the “pristine” reefs of Australia and Belize and 
to a reef subject to intense fishing pressure in Sri Lanka (Ohman et al. 1997).  
 
Results  
Benthic composition  
Species from 10 coral families were documented along five transects. Figure 6 displays 
the composition of coral families observed along transects, as well as their relative 
abundance in relation to sand, coral debris, and dead coral. Species in the Acropora 
family represented the single largest component of the benthic community (28%). 
Collectively, sand areas, coral debris, and dead corals accounted for 30% of the total 
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items observed. Out of all coral material, including deceased coral and coral debris, the 
proportion of living coral was highly variable among transects with an average of 82 ± 34 
%. Figure 7 presents the occurrence of coral families and other measured benthic material 
along the five transects individually.  
 
Fish population  
 In total, 30 species of fish were found. Presence and quantity of each species was 
highly variable across transects. Omnivores were the most prevalent group, accounting 
for 36 % of individuals, followed, in descending order, by corallivores, invertebrate-
feeders, planktivores, algae-feeders, and finally invertebrate-feeders/piscivores (Fig. 8). 
Figure 9 displays the percent distributions of these groups within each transect. Certain 
species in each of these groups appear to be more dominant than others (Fig. 10). Figure 
11 displays the species richness, or total number of different species represented per area 
while Figure 12 depicts the evenness of species, or how close in number each species in 
an area are. While species richness is a raw count of all species observed, species 
evenness quantifies how equal the community in an area is by taking the natural log of 
the number of species, which is essentially the Shannon-Wiener Diversity Index. The 
Shannon-Wiener Index (H’), which measures the rarity and commonness of species in a 
community, was relatively consistent at all transects (standard deviation of calculated 
Shannon-Weiner Index values = 0.27). Transect 5 had the highest Shannon-Wiener index 
value, while transect 3 had the lowest (highest H’ = 2.04, lowest H’ = 1.57).  Figure 13 
depicts that there is a statistically significant negative correlation between abundance and 
fish size (p < 0.001). Further, Figure 14 indicates that the distribution of fish size is 
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positively correlated with assigned groups (p = 0.0355). Finally, Figure 15 provides a 
visual depiction of how fish species, size, abundance, group designation, and presence 
within each transect are correlated. This graph reinforces a strong negative correlation 
between abundance and size and a slight negative correlation between group designation 
and size. Data from this study had comparatively above average levels of coral cover, 
percent live coral, and relatively average levels of sand area (Fig. 16). Figure 15 confirms 
that there is not a strong correlation between transects and fish abundance or group 
presence. In the comparative analysis, Lokobe had a significantly larger overall H’ value 
(Fig. 17). 
 
Discussion 
Health of Lokobe 
 The diversity of fish found on the Lokobe reef is indicative of a healthy reef 
system. The presence of Siganus sutor, which consume hard calciferous algae avoided by 
most other herbivores, and tangs, such as Acanthurus rostratum, which eat softer algae 
that would otherwise inhibit coral growth, are a good indication of a healthy reef system 
(Marguillier et al. 1997). The Damselfish species seen on this reef, such as 
Neoglyphidodon melas and Dascyllus aruanus, are herbivorous species that maintain 
algal gardens within their designated territories. These are keystone species that can alter 
coral recruitment, algal abundance, biodiversity, and nitrogen fixation (Meekan et al. 
1995). They accomplish this through “intermediate-disturbance,” in which intermediate 
levels of grazing intensity increases algal diversity while their territorial nature decreases 
overall predation on algae (Hixon and Brostoff 1983). Corallivores are also positively 
correlated with reef heath, as they will perpetually decline in response to coral disease 
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outbreaks or disturbance (Cole et al. 2008 and Ohman et al. 1998). The substantial 
presence of three exclusively coral-feeding species from the family Chaetodontidae 
indicates that coral populations are likely to be abundant with low levels of disease.  
 Comparing species richness with diversity, it is evident that although some areas 
had a higher species count, the distribution of those species may not have been evenly 
dispersed (Figs. 11 and 12). Transect 1 had the highest species richness yet the lowest 
diversity, indicating there are likely a few species dominating the area while the rest of 
the observed species are sparse. This parallels data displayed in Figure 10, where 
Chromis viridis is the overwhelmingly dominant omnivore while Neoglyphidodon melas 
accounts for the majority of all corallivores. 
Despite a consistent presence of local fishermen, many fish species spanning 
trophic levels are present. The presence of predatory fish, such as Plectorhinchus 
gaterinus, indicates that fishing pressures are not yet so severe that they have eliminated 
larger species targeted for human sustenance. As seen in Figure 8, there is a small, yet 
substantial presence of these top predators.  This follows the same trend of a general 
trophic pyramid structure.   
 The present finding that percent live coral cover was very high in most transects 
may have various causes. Multiple freshwater streams flowing from the coastal rainforest 
to the surrounding reef may aid in coral vitality, due to the fact that during the rainy 
season, fresh water flows into the area importing important nutrients for marine species. 
While there are instances of coral bleaching in the area, no bleaching was observed on 
any of the living corals surveyed.  
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 The comparative analysis of benthic composition indicates that this reef has 
relatively high levels of coral cover as opposed to other benthic material. Additionally, 
disproportionately high amounts of coral material are living. The overall H’ value for this 
study was also higher than the two other reefs with limited fishing pressures and almost 
twice as large as that of the heavily fished reef in Sri Lanka (Ohman et al. 1997). The 
high live coral cover and large overall H’ value obtained in this study suggests that reef 
health and fish species diversity is above expected measurements for a “pristine” reef.  
 
Limitations of this study  
 The complexity of coral reef ecosystems cannot be fully assessed in a short-term 
study such as the present study. Limiting factors included a short time frame to collect 
data, limited funding, and the ability to only survey the parts of the reef accessible by 
snorkeling. There are a plethora of factors that influence the health of a coral reef; 
however, the scope of the present study only permitted the investigation of a few of these 
factors. Fish body length was only visually estimated. Additionally, human presence may 
have influenced the occurrence of certain species of easily disturbed fish. Finally, the 
ability to extrapolate results to the entire reef may be complicated by the fact that transect 
locations were not selected haphazardly.  
 
Site accessibility  
 The method utilized in this study, underwater visual fish consensus (UVC), is 
viewed as a relatively accurate and cost effective manner of assessing reef fish 
populations (Halford 1994). The traditional belt transect method was first published by 
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Brock in 1954 and is still largely used today; however, there are a number of factors that 
can influence the precision of a study conducted with this methodology. Fish mobility 
and habitat complexity have been shown to be key drivers in the common observer biases 
associated with the later technique (Halford 1994). Thus, other, more novel techniques 
have been explored to compensate for these biases.   
 Stereo-video monitoring is a growing methodology in the marine science 
community. Stereo-video surveys used to monitor reef fish communities can dramatically 
reduce the errors that plague traditional survey techniques like UVC (DeLacy 2011). 
Therefore, the use of such equipment in future studies could provide valuable statistics to 
build accurate baseline data for reef fish communities. One study suggests that results 
obtained via UVC can be skewed due to fish altering their behavior in response to human 
presence. Use of stereo-video cameras can ensure the validity of data collected via UVC 
and can aid in recording the presence of endangered or easily disturbed species (Dearden 
et al. 2010).  
 The average depth of the Lokobe reef is five meters, however it ranges from 1.5 
to 9 meters. It can thus be difficult to access certain areas of the reef solely with 
snorkeling gear. Nevertheless, as all 5 stations used in this study were less than 3.5 
meters at high tide, it appears as though snorkeling would in fact be very viable in a large 
portion of the Lokobe protected marine area. However, for those parts of the reef not 
accessible with limited gear, it would be useful to use a stereo-video monitoring system 
to provide a baseline catalog of the marine species present. When establishing a long-
term monitoring protocol for Lokobe, it would be ideal for MNP to implement this novel 
system. Since this technology may not be as economical as UVC, MNP could grant 
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outside organizations permission to collect this data for them. Operation Wallacea, a 
conservation research organization, is such an organization interested in implementing 
the stereo-video method to create a detailed report for the Madagascar government.  
 
Future Research  
 The exploratory research conducted in this study raises a number of questions for 
future investigation. First, when initially scouting transect sites, plots had to be 
abandoned on two occasions due to the fact that areas were overrun by Diadema setosom, 
a species of sea urchin that has become prominent in the Lokobe marine area. D. setosom 
are a critical member of coral reef communities; known as a “marine lawnmower”, this 
species keeps both macroalgae and filamentous algae in check (Jennings et al. 1995). 
Without this critical species, algae can out-compete other photosynthetic organisms, such 
as slow growing corals, and can reduce available space for fish to breed. In fact, one 
study found that the removal of just one species of sea urchin, Diadema antillarum, in 
Caribbean coral reefs was enough to decimate the reef community and have rippling 
negative effects throughout the local economy (such as fishing and tourism sectors) 
(Burkepile and Hay 2008). Conversely, the opposite scenario also can have catastrophic 
results. When excessive fishing on populations of reef fish that prey on sea urchins 
occurs, the D. setosom population can propagate out of control – diminishing the 
presence of all algae and consequently robbing mollusks and herbivorous fish of their 
nourishment. In the future, it would be interesting to delve deeper into these observations 
and create a study that would unearth the reason for why certain parts of the protected 
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marine area of Lokobe hosts D. setosom “deserts” and why in other parts they seem to be 
in equilibrium.  
 Lokobe’s recent establishment as a Madagascar National Park has impacted the 
fishermen from local communities surrounding the park (Bakary 2012). The subsequent 
rules and regulations that came with the national park title mandate that fishermen 
abandon their conventional fishing grounds and travel elsewhere to make their living. It 
would be interesting to conduct a study analyzing the relationships between local 
communities and Madagascar National Parks and to assess the changes that have 
occurred, if any, in fishing practices by local fishermen. It would also be fascinating to 
consider whether current fishery management has created a spillover effect: if fishermen 
who once fished in Lokobe are now venturing to other villages’ fishing spots, it is 
possible that fish stocks are becoming rapidly depleted in these areas.  
 
Concluding Remarks 
The present study has generated baseline data for future tracking of the 
progression of the Lokobe National Park reef. Data collected are indicative of a healthy 
reef system with comparatively high, healthy coral cover and a typical trophic structure 
for fish. This diagnosis is further supported by the presence of fish species with strict 
dietary preferences or heightened sensitivity to habitat alteration. It is difficult to make 
precise predictions for how to secure the conservation of this park since multiple factors 
influence reef health. The use of stereo-video monitoring to document the dynamics of 
the reef across time is recommended for future conservation efforts. Additionally, a 
system of enforcement for fisheries management may be beneficial to current fish 
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communities and decrease any negative effects that are associated with unsustainable 
fishing tactics.  
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Tables and Figures Legend  
 
Tables 
Table 1: List of benthic material, total observed abundance, and its percent of the total 
composition.  Species number corresponds to Figures 6 and 7.  
 
Table 2: Group classification for each fish species and the corresponding species number 
used in Table 3 and Figure 10.   
 
Table 3: Total abundance, average size, biomass, and group number for each fish species.  
 
Figures 
Figure 1: Map of Lokobe National Park (Madagascar 2011).  
 
Figure 2: Aerial image of Lokobe. GPS coordinates for transect points 1-5 labeled. 
CNRO indicated by “Musée Océanographique Nosy Be”. 
 
Figure 3: Surveying methodology. Reef fish within a 5m x 5m square from the base of 
the transect tape were measured. Benthic composition inclusive only to objects 
falling directly on the line (Nadon et al 2007).  
 
Figure 4: Acropora sp. along transect line (photo courtesy of Gisèle Bakary).  
 
Figure 5: Coral debris (photo courtesy of Gisèle Bakary)  
 
Figure 6: Pie chart compiling all coral families seen along the 5 transects. Dead coral, 
sand, and coral debris are also displayed.  
 
Figure 7: Point graph displaying the occurrence of benthic material for each individual 
transect.  
 
Figure 8: Pie chart of the abundance of each fish group across all 5 transects.  
 
Figure 9: 100% stacked bar graph showing the percent of each fish group for individual 
transects.  
 
Figure 10: Ordered histogram displaying the abundance of individual fish species 
relative to their group designations.  
 
Figure 11: Bar graph of fish species richness for each transect.  
 
Figure 12: Bar graph displaying fish diversity for each transect.  
 
Figure 13: Scatter plot of each fish species’ average size relative to its abundance (p < 
0.001, R2 = 0.18).  
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Figure 14: Scatter plot of fish species relative to their group designations and biomass (p-
value = 0.0355, R2 = 0.118).   
 
Figure 15: Correlation graph of fish species, abundance, average size, transect presence, 
and group designation. Color and ellipse intensity is indicative of correlation 
strength. A red hue equates to a negative correlation while a blue hue 
represents a positive correlation.  
 
Figure 16: Multiple bar graph displaying how data collected in this study (indicated by 
dark blue bars) compares to studies in the Seychelles, Belize, and Costa Rica 
(Jennings et al. 1985, Gómez 2004, and Cortés 1990).  
 
Figure 17: Bar graph comparing H’ values comparing this study, Madagascar to two 
other areas “pristine” areas, Australia and Belize, and one area subjected to 
intense fishing, Sri Lanka (Williams and Hatcher 1983, Gómez 2004, and 
Ohman et al. 1997)  
 
Figure 18: Diadema setosum in Lokobe National Park (photo curtesy of Gisèle Bakary).  
 
Figure 19: Traditional fishing practices within Lokobe National Park (photo courtesy of 
Gisèle Bakary).   
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